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| Abstract |

eart failure is the final pathway for myriad diseases that affect the heart. Patients with refrac-

tory symptoms of heart failure despite ultimate medical therapy have very poor prognosis.
In these patients, replacement of failing heart with permanent organ transplantation or ventricular
assist device, which is temporarily or permanently implanted, is often life-saving and can
improve long term prognosis. Cardiac transplantation is the established standard for the treat-
ment of end-stage cardiac disease refractory to medical therapy. The clinical success of trans-
plantation has been streadily improving with the refinement of recipient selection, better donor
management, and better immunosuppressive agents. Recent substantial evolution of mechani-
cal circulatory assist devices improved dramatically the outcome of not only patients in decom-
pensated heart failure but also a large proportion of acute heart failure patients in cardiogenic
shock. With this evolution, implantable sophisticated devices are being used as destination thera-
py as a substitute for transplantation and are expected to diminish the intrinsic shortage of donor
compared to the epidemic of heart failure.
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Treatment of Medically Intractable End-Stage Heart Failure

Table 1. Anticipated survival according to severity of advanced heart failure (adapted from Consensus Conference Report, J Am

Coll Cardiol 2001; 37: 340).

Disease entity Severity of Heart Failure

Expected > 50% Mortality

Cardiogenic shock
Acute myocardial infarction
Post-cardiotomy shock

Chronic heart failure
Class IV symptoms on oral therapy

Refractory symptoms at rest or minimal exertion
Risk factors such as decreasing sodium,

Chronic heart failure with exacerbation into critical low output state

Dependent on intravenous inotropic therapy

In-hospital

3 ~6 months

12~24 months

Less than 12 months
Less than 12 months

increasing creatinine and/or blood urea nitrogen

Stabilization as class IlI

Heart failure Refractory ventricular arrhythmias

Chronic severe post-transplant graft dysfunction with allograft vasculopathy

More than 24 months
Variable, not estimated
Less than 12 months
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Table 2. Indications and Contraindications for heart transplantation (adapted from

Edwards NM ed, Cardiac Transplantation. The Columbia University Medical
Center/New York-Presbyterian Hospital Manual. Totowa, New Jersey: Humana
Press, 2004).

Indications

VO, max < 10 ~14mg/kg/min

NYHA class IV

History of recurrent hospitalization for congestive heart failure

Recurrent symptomatic ventricular arrhythmia

Refractory ischemia without feasibility of revascularization and left ventricular
Ejection fraction < 20~25%

Contraindications

Age > 65 year
Active infection
Active ulcer disease
Severe diabetes mellitus with end-organ damage
Severe peripheral vascular or cerebrovascular disease
Coexisting neoplasm
Morbid obesity
Creatinine clearance < 40~50ml/min, effective renal plasma flow < 200 mlI/min
Biliribin > 2.5mg/dl, transaminases > 2 X normal
Severe pulmonary dysfunction with FVC and FEV1 < 40% of predicted
Especially with intrinsic lung disease
Pulmonary artery systolic pressure > 60mmHg,
Mean transpulmonary gradient > 15mmHg
Pulmonary vascular resistance > 5 Wood units
Active pulmonary thromboembolism
Active diverticulitis
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Table 3. Immunosuppressive agents after heart transplantation

Classification Drugs

Mechanism

Steroid Prednisolone, Methylprednisolone

Nonspecific anti-inflammatory agent
Inhibition of IL-2 gene transcription

Cyclosporine

Calcineurin inhibitor Tacrolimus (Prograf)

Binds FKBP, inhibit IL-2 gene transcription

Azathioprine
Antiproliferative agents
Sirolimus, Everolimus

Mycophenolate mofetil (MMF, Cellcept)

Inhibit purine metabolism
Inhibit purine metabolism
Block IL-2R downstream

Polyclonal anti-T cell Ab
ATGAM, RATG, ATS
Monoclonal anti-T cell Ab

Antibodies Anti-CD3: OKT3

Anti T-cell

Anti T-cell

Anti-IL2R«: Daclizumab (Zenapax), Basiliximab (Simulect)

Monoclonal anti-B cell Ab

Anti B-cell

Anti - CD20: Rituximab (Rituxan, MabThera)
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Figure 1. Survival rates of heart failure (Adapted from Levy, N
Engl J Med 2002; 347: 1397-1402).
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Figure 2. Diagram of percutaneous cardiopulmonary support system (PCPS; EBS Capiox, Terumo, Japan).
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Figure 3. Diagrams of ventricular assist device (A: Impella (Abiomed, USA), B: BiVAD, C: implantable continuous flow pump)(Adapted

from Miller, New Engl J Med 2007: 357; 9: 885-896).

to transplantation), ©] = dl’d gxje] AEH A & o

5.2 485 gk o] FasT JHoE 4R A
A7} A5 Afgo] B71eh 8] 4 B o

%= Table 13} Zro] 1\d AEE0] 30~50% P|7to] 2 E o
3k RS0l 719 247} gla o2 A5l

A G AP o2 e] o] Huk FoAE 7+ ¢ gL
785 AR 27 o] tide] E = Qlrk. olE B A
= AhA|E A2 (giant cell myocarditis)-< A%+ 0] 2]
Frdg g o R A FAIE Sl AR} 2
L31H19~22). AA| Al&e] ool Figure 49 22

mE o e rlr

o

]

i

ofatolarEzxl 313



[ ]
fN= JunES - ChoiJH

Previously healthy patient

Patient with congestive

heart failure

Zjo] Az} #vk(23)
Ul HAlE dealgst ol v
THL A7e HEs BB AN

Myocardial infarction,
inability to wean from
cardiopulmonary bypass,
or acute myocarditis

v i

Acute hemodynamic
deterioration

A 3 5 5| 95te] Ly

v

Intraaortic balloon pump

Intraaortic balloon pump ---]

if patient has coronary

29 B9k s d A7} e

of wbA ALfdolr= 1d A Yes

Weaning €¢—— support?

E&0] 62~81%¢]| o]2A] Ho] 4]
7 012 5 welelalA) A-gol ol

Adequate

artery disease

No¢

FAE A AAH A

Short-term left
ventricular assist device

R L]
A 01292 i1k Bete] A
WAE At 49 olHo] Brbsd

) Yes
Weaning <«———Recovery?

v

No¢ '

_ N . Yes | Donor organ Donor organ | Yes .
UaLﬂ }1\31“?‘31 g_].x].oﬂ/ﬂ == ‘:]‘TE: 3]"4‘ Transplantation <¢—— available? available? — - Transplantation
9/] ‘]ﬁ%gj /\]__g_g '/F 9;»]\% 7/4\—0— No \—> Implantable 4—‘ No
left ventricular
2 7Tk (23~26), AARZH assist device
2 42 F @A o5 gH —_
Inotropes, inhaled nitric No

oy
)
1o
>
_{

2
o,
H
2
10,
:oé
i)
o,

oxide, short-term right
ventricular assist device

Adequate right
ventricular function?

Lm
W
o,
v
o
o
&
m
=
>
o>
1
f

ol oot @A)
o Ag AAnzAAe] B

95} %3] Wl 2A

ox. 1o Nt oqr
1o
o
oo

e
rO
ol

2,

8] AR}
EECESEEES Rt
A 2710 28, $A7A, 37)
A Fol g 5% F 94 A%
o] A ol AT A BA AAF, 9 18 Fol
EA7} Hh25).

o>
>
it
o,
W
Ho
2
>
it
o,
(o
i3
S
L
o
i)
r 0
o
i)
o
i

Yes ‘

Optimize clinical status,
rehabilitation

v

Bridge to transplantation
or to recovery

Figure 4. Scheme for selection of patients with acute cardiac disease or congestive heart
failure for implantation of left ventricular assist devices (adapted from Rose, et al.
N Engl J Med 2001; 345: 1435-1443).

ol 59 Agte] glo] f-ejueter= B 5ot 7k
3} extracorporeal membrane oxygenation (ECMO) 9]
Fe2A AYE vsd 7R percutaneous
cardiopulmonary support (PCPS) 7|7} 2 AR8-%1
ek, 53] Algk AR F4 S5 Fukd B9t
AR} 22 2T YoM BoH R SA Aled
T qlo] fg3ltt. FAEe] BeddMe £ uet 55
ofFtol|A gHso 2 1999dFE AA7HA] Biopump (Med-

tronics, USA) @ EBS Capiox (Terumo, Japan) 5¢] A4



Treatment of Medically Intractable End-Stage Heart Failure

b

i
)
R
~
ol
1=y
)
2
o
o
(o
N
o
N

I

o
_10

F 15000 A28}
7Fset Ak &=

O
=
o
FN‘
lt
rlo
)

> rlﬂl
ol

T o
K
ﬁ

il

g
e

[
o,
T
o>
=
iy
=
i

@
L.
rr
o>
o,
Sy
et
P
>

T
Eg

>

ol

o

&

i

-

=2

o

rlr

(ol

2L

3R

o

B
z 12
El az
2

>,
&
o> M
K
N
olr
-z
2
g2
)
i
rio,
ol
ﬂ?

%
[0
=
=t
oo,
e oz =
z by
(05

o Mo d
2 12
> 2
rir o

o
:ﬂ‘
o
1
Lo
_Yi
T
oH
©

off i wE ol fu
o

ox
AN
>
>
>
i
o
N
e
ey
ol
N
)
H 9
M2

H§
=
o
=
f
ki
%
=

a4
N
Do
=

i%‘_‘l
>
tlo
ol
%
T
=
;i
jot

T

A 7S AFEl| A PCPS
Fo] S8k &
= oMz 444 v

2ola} 2ol

o,
[o

£l

o
ol

)
o

Qo2 olgstel AR 4 Qi A2 253 gk o
2ol AF A0 AN EAAE A ARG
g H1 83t Al ol % gult Basht ) A
& 8 2l B3 b5 A9A B

o NSk Aol 4T
7] BEE 7INE 5 9e Row molw o]l thai
5 o4 A9kE A Bolol & el

o oy mu g
0915 021-' o rl

e

1. Decline in deaths from heart disease and stroke-United
States, 1900~1999. MMWR Morb Mortal Wkly Rep 1999; 48:
649-656.

. Ford ES, Ajani UA, Croft JB, Critchley JA, Capewell S. Explain-
ing the decrease in U.S. deaths from coronary disease, 1980~
2000. N Engl J Med 2007; 356: 2388-2398.

3. Changes in mortality from heart failure- United States, 1980~

1995. MMWR Morb Mortal Wkly Rep 1998; 47: 633-637.

4. Levy D, Kenchaiah S, Larson MG, Vasan RS. Long-term
trends in the incidence of and survival with heart failure. N
Engl J Med 2002; 347: 1397-1402.

. Goldberg RJ, Ciampa J, Lessard D, Meyer TE, Spencer FA.
Long-term survival after heart failure: a contemporary popula-
tion-based perspective. Arch Intern Med 2007; 167: 490 -
496.

6. Lee MM, Oh BH, Park HS, Han SW, Ryu KH. Multicenter

Analysis of Clinical Characteristics of the Patients with Con-

N

ol

gestive Heart Failure in Korea. Korean Circulation J 2003; 33:
533-541.

7. Swedberg K, Cleland J, Nieminen MS, Pierard L, Remme WJ.
Guidelines for the diagnosis and treatment of chronic heart
failure: executive summary (update 2005): The Task Force for
the Diagnosis and Treatment of Chronic Heart Failure of the
European Society of Cardiology. Eur Heart J 2005; 26: 1115-
1140.

8. Lindenfield J, Miller GG, Shaker SF, Zolty R, Kobashigawa J.
Drug therapy in the Heart transplant recipient Part | to part Ill.
Circulation 2004; 110: 3734-3740, 2004; 110: 3858-3865 and
2005; 111: 113-117.

9. Eisen HJ, Tuzcu EM, Dorent R, Bernhart P for the RAD study
group. Everolimus for the prevention of allograft rejection and
vasculopathy in cardiac transplant recipients. N Engl J Med
2003; 349: 847-858.

10. Beniaminovita A, ltescu S, Letz K, Mancini DM. Prevention of
rejection in cardiac transplantation by blockade of the inter-
leukin-2 receptor with a monoclonal antibody. N Engl J Med
2000; 342: 613-619.

11. Balfore IC, Fiore A, Graff RJ, Knutsen AP. Use of rituximab to
decrease panel-reactive antibodies. J Heart Lung Transplant
2005; 24: 628-630.

12. Taylor DO, Edwards LB, Boucek MM, Hertz MI. Registry of
the International Society for Heart and Lung Transplantation:
twenty-fourth official adult heart transplant report-2007. J
Heart Lung Transplant 2007; 26: 769-781.

13. Goldstein DJ, Oz MC, Rose EA. Implantable left ventricular
assist devices. N Engl J Med 1998; 339: 1522-1533.

14. Stevenson LW, Kormos RL, Bourge RC, Gelijns A, Griffith BP,
Wichman A. Mechanical cardiac support 2000: current applica-
tions and future trial design. June 15~16, 2000 Bethesda,
Maryland. J Am Coll Cardiol 2001; 37: 340-370.

15. Maybaum S, Mancini D, Xydas S, Torre-Amione G. Cardiac
improvement during mechanical circulatory support: a prospec-
tive multicenter study of the LVAD Working Group. Circulation
2007; 115: 2497-2505.

16. Muller J, Wallukat G, Weng YG, Hetzer R. Weaning from
mechanical cardiac support in patients with idiopathic dilated
cardiomyopathy. Circulation 1997; 96: 542-549.

17. McCarthy RE, 3rd, Boehmer JP, Hruban RH, Hutchins GM,
Kasper EK, Hare JM, Baughman KL. Long-term outcome of
fulminant myocarditis as compared with acute (nonfulminant)
myocarditis. N Engl J Med 2000; 342: 690-695.

18. Seong IW, Choe SC, Jeon ES. Fulminant coxsackieviral myo-
carditis. N Engl J Med 2001; 345: 379.

19. Cooper LT, Jr, Berry GJ, Shabetai R. Idiopathic giant-cell
myocarditis —natural history and treatment. Multicenter Giant
Cell Myocarditis Study Group Investigators. N Engl J Med
1997, 336: 1860-1866.

tfstolarEsxl 315



[ ]
fN= JunES - ChoiJH

20. Park J1I, Jeon ES. Mechanical Circulatory Supports in the Treat-
ment of Fulminant Myocarditis. Korean Circulation J. 2005; 35:
563-572.

21. Rhee |, Jeon ES. Giant Cell Myocarditis Manifested as Ful-
minant Myocarditis. Korean Circulatio J 2006; 36: 159-161.

22. Graner M, Lommi J, Kupari M, Raisanen-Sokolowski A,
Toivonen L. Multiple forms of sustained monomorphic ventri-
cular tachycardia as common presentation in giant-cell myo-
carditis. Heart 2007; 93: 119-121.

23. Rose EA, Gelijns AC, Moskowitz AJ, Oz MC, Poirier VL.
Long-term mechanical left ventricular assistance for end-
stage heart failure. N Engl J Med 2001; 345: 1435-1443.

24. Catanese KA, Goldstein DJ, Williams DL, Foray AT, lllick CD,
Gardocki MT, Weinberg AD, Levin HR, Rose EA, Oz MC.
Outpatient left ventricular assist device support: a destination
rather than a bridge. Ann Thorac Surg 1996; 62: 646-652; dis-
cussion 653.

O Peer Reviewers Commentary

Tell S AR WSl Bt XI27la0) WS oty
nfe} ARAO| B o 228 HEO X2IZ XX/5
S{0f ARSI QIOL} £17 012 2SN | HEK0| 5
Bxj0] Thet RO AROIA} AMHTIR| S bl
£ xaxoz ARE 22 Mot Ut J8iLt e
St SB0| Hiels £71501 9 FEin} o7

316 o= =234 | MEHol AA X7

—_

(@]

- [T
e ()

1=}

25. Lietz K, Long JW, Kfoury AG, Miller LW. Outcomes of left
ventricular assist device implantation as destination therapy in
the post-REMATCH era: implications for patient selection.
Circulation 2007; 116: 497- 505.

26. Miller LW, Pagani FD, Russell SD, John R, Farrar DJ, Frazier
OH. Use of a continuous-flow device in patients awaiting
heart transplantation. N Engl J Med 2007; 357: 885-896.

27. Rhee |, Gwon HC, Choi J, Sung K, Lee YT, Kwon SU, Cho DK,
Lim SH, Kim SW, Lee SH, Hong KP, Park JE. Percutaneous
Cardiopulmonary Support for Emergency In-Hospital Cardiac
Arrest or Cardiogenic Shock. Korean Circulation J 2006; 36:
11-3616.

28. Sung K, Lee YT, Park PW, Park KH, Jun TG, Yang JH, Ha YK.
Improved survival after cardiac arrest using emergent auto-

priming percutaneous cardiopulmonary support. Ann Thorac
Surg 2006; 82: 651- 656.

o= ory AREiRiel 571 Eeigton TRl Sl
Ch AT EXI0] MESS BIMT I A8 Be

2 QACE 0] ==0M= ol2fet 2ff 28d 27| &R

0

RSt LigOR vk Qo KBS meistod of
AQED E XYEQ! BEE0| ZAHE 4 Ut 01F
= Zolct

[(&a]: HE A



